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Summary
Postmenopausal women are at an increased risk of osteopenia and osteoporosis due to the physiologic loss of the bone protective effects of estrogen. Additionally, disease-related risk factors also contribute to the increased fracture risk. To further complicate matters, one of the most common and severe safety issues associated with cancer therapies for breast cancer patients is bone loss and the associated increased risk of fractures. These facts underscore the need to carefully monitor bone mineral density in patients with endocrine-responsive breast cancer, and to consider adjuvant therapy that may help manage and/or prevent bone loss and fracture. Aromatase inhibitors (AIs) are now in widespread clinical use for women with hormone receptor-positive breast cancer and have replaced tamoxifen as the gold standard of care. AIs target the estrogen biosynthetic pathway and deprive tumor cells of the growth-promoting effects of estrogen. These treatments provide significant benefit to patients in terms of improved disease-free and overall survival. Adversely, there is a concern of an increased risk of bone loss with prolonged therapy consequently leading to an increased fracture risk. This manuscript will review the recent literature pertaining to AI-associated bone loss and discuss suggested management and preventative approaches that may help patients remain on therapy to derive the most clinical benefits.
Introduction
In the past, tamoxifen has been the treatment of choice for postmenopausal women (PMW) with hormone-sensitive breast cancer. Aromatase inhibitors (AIs) are increasingly used in the adjuvant setting as well as in switching treatment approaches, and are currently the gold standard as adjuvant endocrine therapy for PMW with hormone-sensitive breast cancer [1] . The estrogen receptor (ER) is expressed in a large proportion of breast tumors and has growth-promoting effects on tumor cells [2] . In about two thirds of all cases, breast cancer tumors are estrogen-sensitive [3] . Accordingly, many treatment strategies have focused upon hormonal ablation, antagonism of ER signaling, and suppression of estrogen synthesis [1] .
The inhibition of the aromatase enzyme, which is responsible for the conversion of androgens to estrogen, leads to the prevention of estrogen synthesis with AIs [4] . Adjuvant therapy with third-generation AIs has largely replaced the use of tamoxifen as the gold standard for adjuvant endocrine treatment [5, 6] . The third-generation AIs include the nonsteroidal formulations letrozole and anastrozole, and the steroidal formulation exemestane [4, 7] . Nearly complete suppression of plasma estrogen levels has been consistently demonstrated with all third-generation AIs [8] [9] [10] [11] [12] [13] . A greater degree of estrogen suppression has been demonstrated with letrozole, when compared to a similar study with anastrozole [9] . Greater suppression of each tissue estrogen fraction was observed with letrozole in blood plasma as well as in tumor tissues [9] . The clinical significance of these differences remains uncertain.
AIs are now routinely used in 3 different postsurgical treatment approaches for patients with breast cancer including upfront monotherapy (5 years initial treatment with an AI), sequential adjuvant therapy (tamoxifen followed by an AI for a total of 5 years), and the extended adjuvant setting (using an AI after 5 years of tamoxifen) [6] . Superior clinical efficacy has been shown with all AIs compared to tamoxifen alone in each of these settings [14] [15] [16] [17] [18] [19] [20] [21] . While there is clear evidence that inclusion of an AI in the treatment strategy, whether upfront or switching after tamoxifen, is superior to 5 years of tamoxifen alone, the optimal strategy for AI use remains unclear [22] .
Following breast cancer surgery, there is long-term risk of recurrence with a first peak at 1-2 years [23] . The most common type of recurrence seen during this early peak is distant metastasis (DM), while locoregional and contralateral recurrences occur at a much lower rate [24] . This is important as DM is associated with increased mortality [25] . Therefore, therapies which reduce DM during this early peak of recurrence may have the potential to improve survival [25] .
All AI therapies, both as initial and as sequential therapy, have improved disease-free survival (DFS) in women with breast cancer, however the effect on DM has not been uniform among AIs [ 14-17, 19, 20, 26-30] . Hadji follow-up [15] . At 51 months follow-up, letrozole (n = 2,448) was associated with a significant 8.6 vs. 5.8% fracture rate with tamoxifen (n = 2,447) (p < 0.001) [16] . At 5 years followup, the incidence of bone fractures remained significantly higher among patients treated with letrozole (9.3% vs. tamoxifen 6.5%; no p value reported) [49] .
Exemestane
In the Intergroup Exemestane Study (IES), patients were randomized to either 5 years of tamoxifen (n = 2,372) or switching to exemestane following 2-3 years tamoxifen treatment (n = 2,352) for a total of 5 years. Within 6 months of switching to exemestane, BMD was lowered by 2.7% at the LS and 1.4% at the hip compared to baseline values (p < 0.0001 at both sites) [50] . All in all, 162 patients (7%) in the exemestane arm and 115 (5%) in the tamoxifen arm had fractures at a mean follow-up of 58 months (p = 0.01). In the TEAM trial, tamoxifen treatment resulted in a 0.5% increase from baseline in BMD at the spine, which was maintained at 12 months assessment (n = 83). In contrast, exemestane treatment resulted in an increase in bone loss at 6 months (2.6% decrease in spine BMD), and a further decrease of 0.2% at 12 months analysis (n = 78) [32] . In a recent subanalysis of the TEAM trial, exemestane resulted in increases from baseline in all bone turnover marker levels (e.g. bone-specific alkaline phosphatase, amino-terminal propeptide type I, procollagen, osteocalcin) at all time points [51] . In contrast, levels of all bone turnover markers decreased with tamoxifen treatment.
Discussion
Osteoporosis screening and treatment are a standard component of health maintenance in PMW, however, current treatment and preventative guidelines are inadequate for averting fractures in osteopenic women with breast cancer, especially those receiving AI therapy [52, 53] . Current American Society (Letrozole, Exemestane and Anastozole Pharmacodynamic (LEAP) Trial) demonstrated that all AIs (steroidal or nonsteroidal) have a similar effect on bone and are associated with increased bone turnover [43] . Recently, there has been greater awareness of the increased bone loss and fracture risk reported with the use of AI [44, 45] . Additionally, there is an increasing effort for proper management and intervention to reduce bone loss and prevent fragility fractures [31, 38, 46, 47] . This manuscript will review the recent literature pertaining to the risk of fractures and the premature or accelerated development of bone loss in patients treated with adjuvant AI therapy as well as recent management approaches.
AI-Associated Bone Loss
In PMW, the use of AIs increases bone turnover and induces bone loss at an average rate of 1-3% annually. This leads to an increase in fracture incidence compared to that seen during tamoxifen therapy [48] . Although the mechanism of action between the steroidal and non-steroidal AIs is somewhat different, adverse effects on bone health have been observed with all currently used AIs ( fig. 3 ).
Anastrozole
The ATAC trial compared the efficacy and safety of anastrozole with that of tamoxifen in the initial adjuvant setting in PMW with early breast cancer [14, 26] . After a median followup of 68 months, the fracture rate was 11% for patients treated with anastrozole (n = 3,092), versus 7.7% in patients treated with tamoxifen (n = 3,094) [14] .
Letrozole
The BIG 1-98 trial is comparing letrozole with tamoxifen in the initial adjuvant setting. A significant difference in fracture rate was observed between letrozole (5.7%) and the tamoxifen arm (4.0%; p < 0.001) at 25.8 months of median [46, 58] . Evaluating both BMD and clinical risk factors may allow for the most effective identification of breast cancer patients with increased risk of fracture and the appropriate use of preventative therapies [59] .
Mounting evidence now suggests that treatment with bisphosphonates prevents AIBL [2, 22, 46, [60] [61] [62] [63] [64] [65] . Because of the increased bone loss associated with the use of AIs, three international randomized studies, the Zometa-Femara Adjuvant Synergy Trials [Z-FAST, ZO-FAST, and E-ZO-FAST] were performed to evaluate the bone protective effects of bisphosphonates during endocrine treatment with letrozole. The primary endpoint of these companion trials was to determine the impact of upfront or delayed (if T score < -2.0 or in the presence of a fracture) treatment of zoledronic of Clinical Oncology (ASCO) treatment guidelines for maintaining bone health in women with breast cancer rely solely on BMD as an indicator of the need for antiresorptive therapy [54] . However, additional risk factors have been demonstrated in PMW that significantly increase fracture risk [55] , suggesting that an osteoporotic T-score (≤ -2.5) alone may fail to identify a large number of patients who are at increased risk. This is highlighted by the fact that the annual risk of hip fracture is independently influenced by the number of risk factors [55] . Osteoporosis treatment guidelines from the National Osteoporosis Foundation (NOF) and World Health Organization (WHO) suggest that it is important to include other risk factors along with BMD when assessing patient fracture risk and making treatment decisions [56, 57] . Furthermore, because BMD measurements may not always be available or reimbursed, other risk factors must be considered to get a more complete understanding of clinically relevant risk factors for fracture, which will help to assess overall fracture risk and provide practical guidance for the prevention and treatment of bone loss in this population [31, 52, 53] .
In order to place BMD assessments and other risk factors within the context of identifying women with breast cancer, who are at increased risk of fracture and who are likely candidates for preventative therapy, a panel of experts recently evaluated data from large clinical trials in PMW and women with breast cancer to develop consensus international guidelines for using clinical risk factors for fracture along with BMD measurements [31] . A systematic review of published literature to identify factors that contribute to fracture risk in women with breast cancer has been reported previously. PubMed ® searches of MEDLINE ® (National Library of Medicine, Bethesda, MD, USA) and other databases were performed to identify clinical trials of antiresorptive agents used for the prevention and treatment of AIBL from June 2008 through June 2010. Additional information was obtained from abstracts presented at international meetings including the St. Gallen Breast Cancer Conference, European Breast Cancer Conference (EBCC), San Antonio Breast Cancer Symposium (SABCS), and ASCO annual meetings and breast cancer symposia. An evidence-based medicine approach was used to determine when to initiate antiresorptive therapy for AIBL, to determine the appropriate antiresorptive therapy, and to define follow-up/monitoring procedures. All authors reviewed the available evidence and as a group reached a consensus regarding the levels of evidence and treatment recommendations ( fig. 4) . Eight risk factors were validated in women with breast cancer [31] including AI therapy, T score < -1.5, age > 65 years, low body mass index (BMI < 20 kg/m 2 ), family history of hip fracture, personal history of fragility fracture after age 50, oral corticosteroid use > 6 months, and smoking (table 1). These current guidelines underscore the importance of comprehensive fracture risk assessments and advocate BMD measurements in all patients taking AIs with selective use of antiresorptive therapy in osteoporotic (T score Fig. 4 . Recommended management strategy for patients with breast cancer receiving aromatase inhibitor (AI) therapy [31] . These recommendations are based on results from trials in breast cancer patients and healthy populations. The largest body of evidence for treatment of AI-associated bone loss is for zoledronic acid 4 mg every 6 months ( a If patients experience an annual decrease in bone mineral density (BMD) of ≥ 5% (using the same dual-energy X-ray absorptiometry machine), secondary causes of bone loss such as vitamin D deficiency should be evaluated and bisphosphonate therapy considered. Use lowest T-score from 3 sites ; BMI = body mass index). Could not be validated because of insufficient trial data. AI = Aromatase inhibitor; BMI = body mass index.
T-score < -2.0 Any 2 of the following risk factors:
• T-score < -1.5
• Age > 65 years Recommendations for Women With Breast Cancer Initiating Aromatase Inhibitor Therapy Fig. 4 . Recommended management strategy for patients with breast cancer receiving aromatase inhibitor (AI) therapy [31] . These recommendations are based on results from trials in breast cancer patients and healthy populations. The largest body of evidence for treatment of AI-associated bone loss is for zoledronic acid 4 mg every 6 months ( a If patients experience an annual decrease in bone mineral density (BMD) of 5% (using the same dual-energy X-ray absorptiometry machine), secondary causes of bone loss such as vitamin D deficiency should be evaluated and bisphosphonate therapy considered. Use lowest T-score from 3 sites ; BMI = body mass index).
BMD by 2.98% and TH BMD by 0.60%. In all of the studies of oral bisphosphonates, patients who did not receive a bisphosphonate experienced substantial BMD loss during AI therapy.
The HALT-BC trial (n = 252) examined the efficacy of biannual denosumab (60 mg subcutaneously every 6 months) versus placebo for prevention of AIBL in PMW with early breast cancer receiving AI therapy [68] . At 24 months followup, there was a significant 7.6% difference in LS BMD between the denosumab and placebo groups (p < 0.0001). Although the BMD change is not precisely defined, this between-group difference equates to an approximate 6.2% BMD increase with denosumab versus an approximate 1.4% BMD loss with placebo. The ongoing ABCSG-18 trial (NCT00556374) will compare denosumab with placebo in 3,400 PMW receiving adjuvant AI therapy, and should provide additional data to confirm the efficacy and determine the long-term safety of this novel antiresorptive agent.
Conclusion
Adjuvant treatment of hormone receptor-positive breast cancer in PMW with AIs has now become the standard of care due to superior DFS results and a more favorable side effect profile compared with tamoxifen. Due to the profound estrogen depletion achieved with AI therapy, however, negative effects on bone health may also be observed. Screening and medical management for bone complications in breast cancer patients being treated with AIs is therefore an important area for clinical intervention. The presence of risk factors (e.g. age, T score, BMI, family and personal history, smoking) may be used for appropriate patient stratification and the determination of an optimal treatment plan to preserve bone integrity. Several studies have demonstrated the efficacy of antiresorptive agents (e.g. bisphosphonates, denosumab) for the prevention of BMD loss and reduction of fracture risk associated with breast cancer therapy. Although no treatments are specifically approved for AIBL, patients at high risk for rapid bone loss may benefit from early and sustained intravenous bisphosphonate therapy. Adequate calcium and vitamin D supplementation and a healthy lifestyle are also required to maintain long-term bone health. In addition to the positive effects on bone health, there is now also a growing body of evidence supporting the potential anticancer benefits of bisphosphonate therapy. Therefore, patients may derive dual benefit both from bone health improvement and anticancer activity. acid (ZOL: 4 mg intravenously every 6 months) on BMD at 12 months at the LS in PMW (n = 2,194) with hormonesensitive breast cancer receiving letrozole. Secondary endpoints included fracture rate, DFS, and disease recurrence. These studies have all shown that the BMD loss associated with AI therapy can effectively be prevented by adjuvant treatment with ZOL. Current management guidelines now recommend that any patient initiating or receiving AI therapy with any two identified risk factors should receive bisphosphonate therapy [31] .
The results of the Z-FAST study demonstrate a continuous annual BMD increase at both the LS and total hip (TH) in the patients who were receiving upfront ZOL (n = 301) versus delayed treatment (n = 301) [63] . Long-term, 5-year follow-up data confirm that, compared with delayed-start, upfront ZOL (4 mg intravenously every 6 months) effectively prevents/ treats bone loss in PMW, regardless of baseline T score, chemotherapy status, or osteoporotic risk factor frequency [63] . The results show a progressive and significantly increased LS and TH BMD over 5 years with upfront ZOL treatment (percent change in LS and TH BMD from baseline at 61 months: 6.19 and 2.57%, respectively; p < 0.0001) [63] . Similarly, in the ZO-FAST study (n = 1,065), there were significant increases in BMD in favor of upfront ZOL compared with delayed ZOL at 48 months (LS: 9.29%, p < 0.0001; TH: 5.41%, p < 0.0001) [66] .
The Study of Anastrozole with the Bisphosphonate RisedronatE (SABRE) compared the efficacy of risedronate (35 mg/week orally) versus placebo for 2 years in PMW with hormone receptor-positive early breast cancer receiving adjuvant anastrozole, who also had a moderate risk of fragility fracture (n = 154) [65] . At 24 months, oral risedronate significantly increased LS BMD by 2.2% and TH BMD by 1.8% versus baseline (p < 0.0001 for each vs. placebo). A similar trial in PMW with breast cancer receiving AI therapy demonstrated that oral risedronate (35 mg/week) initially improved BMD versus baseline, but only modestly increased LS BMD (0.4%) and TH BMD (0.9%) at 24 months [61] . Among patients enrolled in the International Breast Cancer Intervention Study (IBIS-II) bone substudy (n = 613), women with osteopenia (n = 59) receiving anastrozole plus risedronate (35 mg/week) had better LS (0.32%) and TH (0.67%) BMD compared with women receiving anastrozole alone [39] . In the 24-month analysis of the Arimidex-Bondronat (ARI-BON) study, monthly oral ibandronate (150 mg) prevented bone loss in osteopenic women (n = 25) compared with placebo (n = 25) and in a small number of patients with pre-existing osteoporosis (n = 13) [67] . Oral ibandronate increased LS
